They, together, form the .. available base reserve," a much better term, be it noted, than the conventional .. alkali reserve" for an alkali is really a soluble hydroxide.
It is, of course, true that when there is a disturbed acid-base equilibrium, there are usually also more general disturbances of the electrolyte pattern, and that these usually affect particularly the concentrations of Na +, K + and CI-.
But these, though they frequently contribute importantly-or even essentiallyto the clinical picture, are distinct from the actual acid-base abnormality. Thus the acidosis of severe diarrhoea is due to excessive loss of HCO a -(i.e. of base) but because the anion HCO a -cannot be excreted without an equivalent amount of cation (mainly Na +) it tends to be accompanied by sodium depletion.
Fortunately, the principles of acid-base regulation, and the main ways in which it may be disturbed, have been recognised for many years, a possible exception being the recent concept of an acidosis within the cells accompanied by an extracellular alkalosis.
As far back as 1923, Gamble published the first of many lucid" Gamblegrams," graphical presentations of the changes in plasma electrolytes in disease states. Unfortunately, in later ones he appeared to imply that acid-base balance meant the same as anion-cation equivalence, although in so doing he was merely using the terminology then current. It is important at the present juncture that this confusion should be avoided, since it undoubtedly makes acid-base regulation much more difficult to understand. If we cool patients to 25°, open their chests, arrest their respiration and circulation, or present their homeostatic mechanisms with unheard-of insults via the artificial kidney, we must be aware of the chemical and physiological implications of what we are doing. Classical physicochemical theory, though it helps us to assess the nature and extent of the disturbances created, cannot say what standards of " normality" we should try to attain in these The Nature of Acidosis
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The introduction of new technical methods grossly unphysiological situations. An emin the laboratory often leads to an upsurge of pirical approach in which we measure as clinical interest in diseases amenable to study accurately as possible the acid-base changes by the new techniques. On the other hand, produced must be followed by an attempt to new clinical procedures such as open-heart correlate these with the subsequent progress or surgery, extra-corporeal haemodialysis, and otherwise of the patients. This aspect is in hypothermia have forced laboratory workers the province of the subsequent speakers, and to improve their techniques for assessing acid-I shall confine myself to a survey of normal base disturbances in such patients, and it is not regulation and of some ways in which it can unreasonable for clinicians to expect equally be disturbed. I shall use the terms .. acid" good service in the elucidation of acid-base and" base" as indicated by the Chairman to problems met in ordinary ward practice.
mean proton donor and proton acceptor respectively, remembering that acids and bases only become significant as buffers when the pH conditions which they encounter are reasonably near to the pK of the acid in question. With the narrow range of pH variation found within the body, this severely limits the number of physiologically effective buffer systems. Metabolic processes are geared to the production of acids. Oxidation of carbon compounds produces CO 2 , freely disposed of by the lungs; in contrast, sulphuric, phosphoric and organic acids arising in tissue metabolism, if excreted at all, are disposed of in the urine. All these acids, even in low concentrations, produce unacceptably high concentrations of hydrogen ions, and therefore they must be buffered forthwith, in the cells where they are produced. For early evidence of acid-base changes, therefore, we should look at hydrogen ion concentrations within the cells, and at the available concentrations of intracellular buffers.
Since the phosphates and proteins which are quantitatively the principal intracellular buffers do not freely leave the cells, the intracellular acid-base ratio, as mirrored in the pH of the cell fluid, should tell precisely what is happening. Unfortunately, the measurement of intracellular pH is far from easy, and in clinical practice measurements have to be made very much at second-hand, by determining changes in plasma pH, plasma bicarbonate and in the urine. When concerned with an acidosis of respiratory type, this is no great disadvantage, but for the early assessment of the metabolic group of acidoses, it is a serious drawback.
The relationship between pH and the ratio of base to acid in any buffer system is defined by the Henderson-Hasselbalch equation
(This is the simplest form of the equation, and omits the complicating factors of ion activities and the dissociation of salts). From this, if we know, or can measure, the pK of the acid, we can tell from a measurement of pH and of total buffer concentration what the ratio of base to acid is, and what concentration of either is present. However, the pK assigned to an acid such as carbonic acid in solution along with a soluble bicarbonate does not apply in a complex mixture such as plasma, and in order to use the equation for practical measurements of, say, carbon dioxide tensions in blood, a value for pK, usually designated pKl, must be found experimentally, e.g., by equilbrating the plasma with air containing measured proportions of C02, measuring the pH and total CO 2 content of the sample in each case, and calculating values for pKl which are valid for that plasma sample. Most values found are around 6.09-6.12, but a few years ago Severinghaus (1956) showed that in addition to temperature-dependence, pK 1 for carbonic acid in plasma also varies with pH. It certainly varies slightly in healthy subjects, and gross metabolic disturbance would be expected to cause variation in the same person. One cannot therefore rely on a published value for pKl for calculating, say, PC02 from pH measurements (quite apart from the precision and absolute significance, if any, of the pH measurements made). However, the graph of pH against log P C02 is linear for a given sample, and this can be made the basis of reliable determinations of P C02 by interpolation techniques such as that developed by Astrup (1959) .
The principal buffer components in plasma and red cells, and their relative capacities are as follows ;-Relative efficacy (expressed as mEq. acid required, per litre of blood, for pH change from 7.4 to 7.0) Bicarbonate 18 Phosphate 0.3 Plasma Proteins 1.7 Haemoglobin 8 Usually the bicarbonate buffer concentration is measured, chiefly for reasons of laboratory convenience, but also because it is the one mainly affected by respiratory and renal compensatory mechanisms. Changes of acid/base ratio in one buffer, though, must be accompanied by changes in the ratio in the others since all are in mutual equilibrium. There need not be changes in concentration in all-indeed, only the bicarbonate buffer can show short-term changes in this respect.
Buffers are. short-term expedients for preventing the accumulation of free hydrogen ion, and must be reinforced by excretion of acid in free or combined form.
Experimentally, when respiration is arrested, the buffers can only deal with CO 2, produced metabolically, for about 5 minutes before excessive change of pH occurs. Even if the buffer capacity is replenished by continuing infusion of powerful buffers, the need for CO2 excretion can be postponed, in dogs, for an hour at most (Pierce, 1960) .
Excessive metabolic production of CO 2 is not a clinical cause of acidosis, except of course in the presence of respiratory disease. The rate of excretion of CO 2 must match the rate of its production otherwise asphyxia quickly results, but in the presence of respiratory disease the excretion may be attained only through the creation of an increased gradient of CO 2 tension between the blood in the pulmonary capillaries and the respired air. The arterial P C02 is a convenient index of this gradient, and an elevation of it is characteristic of respiratory acidosis.
The kidneys, of course, may partially compensate by excretion of a more acid urine, which helps to restore blood pH to normal through an increased plasma bicarbonate concentration, but this does not remove the need for pulmonary excretion of CO 2,
The second major cause of acidosis is increased metabolic production of acids other than carbonic, and is found in its grossest form in diabetic coma. Lesser degrees occur in fasting, post-operatively, and in tissue anoxia, and in such cases the reaction with the bicarbonate buffers results in a reduction of the plasma bicarbonate concentration, the additional carbonic acid so produced being excreted by the lungs. The changed acidbase ratio causes a fall in plasma pH, which leads to hyperpnoea, and this may restore the plasma pH to normal, though the reduced bicarbonate concentration remains. Repair is by renal excretion of hydrogen ions, with a fall in urine pH, and simultaneous transfer of bicarbonate ions to the plasma. Since phosphate is the major urine buffer, the increased acidity is associated with increased H1PO.. rt HPO,,-ratio. Acidosis of this type is usually fairly slow in onset, and there is time for a further renal mechanism to become effective, that of increased ammonium excretion. The NH..+ ion may be regarded as coming from NH a + H +, the necessary ammonia being derived mainly from plasma glutamine, and also from kidney deamination of alanine, leucine and aspartic acid. Each molecule of ammonia produced in this way can take care of the excretion of one hydrogen ion, without change in pH of the urine, and in effect permits the renal tubule cells to return one HCO a -ion to the plasma. If the plasma glutamine concentration is 8mg/IOO ml and the renal plasma flow 700 ml/min., ammonium production could amount to about 650 flEq./min. In practice, not more than half that amount is found, and tubule ion exchange capabilities rather than NH a availability limit the extent of NH..+ excretion.
A third type of acidosis whose existence has recently been shown is an intracellular acidosis accompanied by extracellular alkalosis. Using a technique developed by Waddell and Butler (1959) , Milne and his colleagues (1961) have shown that this situation does arise in potassium-depleted rats, confirming what has been suspected in human potassium depletion but has not yet been finally proved. Intracellular pH cannot be directly measured at present, and the principle of the indirect technique is that a weak acid, if unionised, passes freely through cell membranes, while the anion of the same acid does not. Once inside the cell, the acid ionises to an extent determined by its pK and by the intracellular pH, and the ionised fraction cannot then leave the cell. The relative concentrations of the substance inside and outside the cells are therefore a function of the pH of these fluid compartments, and a value for intracellular pH can be calculated if the total concentration of the acid in the tissue is known, together with the relative volumes of intra-and extracellular fluid and the pH of the extracellular fluid. Using the weak acid 5, 5, dimethyl-2, 4, oxazolidinedione, which is not toxic and is not metabolised, Milne has shown that in K-depleted rats the muscle cell pH is about 0.2 unit lower than in normal animals, whereas the plasma shows an alkalosis. The procedure is somewhat complex, and requires a sample of muscle tissue, so that extensive clinical use if unlikely.
A fourth type of acidosis is due to failure to transport H+ across renal tubular membranes, and this group includes hereditary defects of tubule function as well as the acquired defects in renal disease. Since Dr. Robson will be discussing acidosis of renal origin, I shall pass on to acidosis caused by alimentary tract lesions.
Ingestion of acids does of course produce acidosis, and students not infrequently suggest that gastric hypersecretion of HCI must result in acidosis. However, during acid secretion the blood leaving the stomach shows an alkalosis, which is restored to normal as the secreted acid is absorbed. Similarly, other alimentary secretions produce no net effect on acid-base regulation, unless the secretion is lost as in vomiting or in drainage from a fistula. Such loss of secretions is a very important cause of serious acid-base disturbance, and the type of disturbance is determined by the composition of the fluid; if it is alkaline due to the presence of bicarbonate, its loss must cause acidosis.
(There is, naturally, a simultaneous loss of water and of sodium and potassium, which interferes with renal compensation, but the fundamental cause of the acidosis is loss of base, namely bicarbonate ion).
A peculiar disorder arises when the ureters have been surgically implanted into the colon. The latter is an active secretory organ, whose musoca has properties differing greatly from those of bladder mucosa. Urine retained in the colon is attacked by bacteria, with the formation of ammonium salts, and NH 4 + appears to exchange across the mucosa for K +. There results an acidosis from NH..+ absorption, and potassium depletion, while chloride from the gut lumen also appears to exchange with bicarbonate from the mucosal cells. The resulting hyperchloraemic acidosis can be largely prevented by avoiding prolonged urine storage in the gut, and by regular administration of bicarbonate.
It is relevant here to consider the acidosis which follows administration of ammonium chloride, and which Elkinton (1960) has recently suggested might be made the basis of a standardised test for renal ability to excrete hydrogen ion. The effects or oral and parenteral administration of ammonium chloride are similar, and the acidosis arises because hepatic conversion of ammonium to urea requires the uptake of bicarbonate from the plasma. The chloride ion, being an exceedingly weak base, does not influence the acid-base state, but a very different picture emerges if the ammonium salt administered has a metabolisable anion such as acetate. The resulting bicarbonate prevents the emergence of acidosis, and the systemic effects are due to the high concentration of ammonium in the plasma. There is gross respiratory stimulation and profound respiratory alkalosis developes, with tetany and convulsions (Roberts et al., 1956 ). Breathing air containing 10 per cent CO2 effectively prevents the convulsions, indicating that they are not primarily due to ammonium ion. I should, perhaps, conclude by trying to re-define acidosis, though there does not seem to be a satisfactory definition which is not cumbersome. Should we include conditions in which compensatory mechanisms have succeeded in maintaining normal concentrations of hydrogen ion? I think we should, and I would therefore define acidosis as a state in which there is an actual or potential increase in the hydrogen ion concentration in intracellular or extracellular fluid. It may be caused either by net retention of acid or by net loss of base.
The Investigation of Respiratory Acidosis
T. T. CHAPMAN (ROYAL CITY OF DUBLIN HOSPITAL, BAGGOT STREET, DUBLIN)
First, I must apologise for my presence here-I am not a biochemist and I do not pretend to be. However, in my hospital I am responsible for pulmonary function tests and without some investigation of the acid-base balance the assessment would not be complete.
My chief interest in this subject is in the problem of emphysema. Whatever the trouble, an increase in the arterial C02 tension must mean that there is hypoventilation in, either part of the lung or all of the lung. It is always accompanied by anoxia. The cause is usually due to obstructive disease of airways but it may also be due to skeletal deformities limiting respiration or neuromuscular disturbances such as poliomylitis.
This hypoventilation leading to an increase in P C 0 2 has certain causes in emphysema.
Firstly, due to destruction of lung structure and blood supply, a large proportion of the air movement is wasted because there can be no gaseous exchange. It is simply moving in and out of rather large, relatively bloodless cavities and the function of breathing, that is, to supply O 2 to the blood and regulate CO 2 tension, is not taking place.
As well as this, there is uneven distribution of gas throughout the lung. Certain areas of the lung are well ventilated and other areas are poorly ventilated. As a result of these poorly ventilated areas there is a tendency towards CO 2 retention in the blood.
At first the increase in P C 0 2 can be overcome by hyperventilating so that patients with only a moderate emphysema can have a normal CO2 tension. However, as the condition progresses
